It is about thirteen years since Tarnier described the forceps with which his name is now universally associated, and there can be 110 doubt that the instrument then described marked the beginning of a new era in operative obstetrics. The difficulty which he attempted to overcome was one which had been recognised for long, and solutions, some partly successful, others entire failures, had been offered by others.
But to Tarnier belongs the credit of having applied to its solution an entirely novel principle, and one which has solved the difficulty, if not wholly, at least to a very great extent. The instrument first described, while it contained the essential principle in its construction, was faulty in detail; and his later instrument, which he seems to regard as the perfect model (at least it has remained unmodified for ten years), seems by no means an ideal piece of mechanism. I think it is open to obvious criticism in several respects, and is certainly quite unadapted for left-side midwifery; but the fact remains that Tarnier applied a new principle, and in great measure solved a problem which had proved a recognised difficulty for more than 100 years. His instruments and the principle they contained were met by a flood of criticism, a good deal of ridicule, and even some angry abuse. But they have stood the test of all this, and Tarnier has the satisfaction of seeing to-day the principle he so ably advocated in 1877 practically accepted by ever increasing numbers of teachers and practitioners. It is, at the same time, not a matter for surprise that obstetricians should hesitate to abandon the simple and well-tried forceps of the Smellie or Simpson type, which had stood their fathers and them in so good stead, for a new-fangled and somewhat complicated instrument of this sort.
While many of them recognised only too well the mechanical inefficiency of the older forceps in many cases, they were naturally unwilling to lay aside an instrument absolutely simple, though so far admittedly defective, for one whose efficiency was obtained at the sacrifice of its simplicity.
Yet this reluctance has been overcome. The more the principle underlying its construction is considered the sounder does it appear, and the general adoption of the Tarnier instrument, or some modification of it, is only a matter of time. But while the instrument in some form or another is becoming more frequently adopted, it is a very remarkable thing that, so far as I know, neither Tarnier nor any of those who have modified the instrument have given either a definite account of the principle on which the instrument acts, nor have they given a mechanical construction of the instrument, which would enable a mechanic to construct a pair de novo, or to determine whether a given instrument was properly made. Now this omission is all the more remarkable because, if the instrument has any advantage at all, it is that it approaches the character of an instrument of precision ; it is certainly more so than the instruments it is meant to supersede, and yet the construction is left much to the judgment or caprice of the individual instrument-maker. Now, in an instrument involving so many curves and dimensions as an axis-traction forceps, it is obvious that the possibility of variation must be unlimited, and one has only to go the round of the makers' shops to be convinced of the unlimited differences which may be found in the examples of a single type of forceps.
As every one knows, the claim made by Tarnier is that the axistraction forceps enables us to pull the foetal head through the whole length of the pelvic canal in the axis of that canal; and while he points out that this may be effected through the agency of certain rods attached to the blade, he gives us no indication of the length, curvature, or intimate relationship of these rods. Precisely the same objection applies to Professor Simpson's description of his convenient adaptation of Tarnier's instrument for British practice. Yet it must be obvious to every one that the length, curvature, and other characters of the rods will determine the fact whether the instruments are axis-traction or not.
It is quite possible to have a pair of forceps with traction-rods, and the instrument may be as far removed from being axis-traction forceps as any could well be.
I do not deny the force of the arguments advanced by Pajot, Charpentier, and others, who, while admitting the correctness of axis-traction as a principle, deny its practical applicability, in so far as it is impossible to determine with absolute accuracy the direction of the pelvic axis in any pelvis, and more especially in those cases where forceps are most necessary?namely, deformed pelves. I quite admit that there is always a certain element of possible error, but this fact all the more strengthens the demand for the mechanical construction of the instrument by as accurate and scientific a method as possible.
If we are working in a canal of doubtful curvature with an instrument whose construction is unknown, we are exposed to two sources of error. If, on the other hand, we are dealing with a canal, our knowledge of whose relations is defective, with an instrument whose construction is accurately known, we diminish the element of error by a half.
The objects I have placed before me in the paper I present to the Society to-night are:?
1. To define with accuracy, as far as possible, the principle on which the axis-traction forceps acts, and to give a definite mechanical construction of the instrument based on these principles. It is first necessary to ask what is the problem presented to us in delivery by the forceps. The answer to this may be briefly put thus:
" To draw the fcetal head through the pelvic canal with the least expenditure of force." It is quite plain that all force expended in this operation above the minimum necessary to overcome the resistance of the canals is transmitted to these canals, and will injuriously affect the mother. It then follows that the best instrument is that one which will enable us to accomplish our purpose with the least amount of force. Now this problem (simple as its statement seems) is rendered somewhat complex by two circumstances,?1. The pelvic canal is curved; 2. The foetal head is not a sphere, but must be regarded as an irregular ovoid or asymmetrical wedge. Putting aside in the meantime the second condition?the asymmetry of the foetal head?let us consider the difficulty arising from the curvature of the canal. Now we must bear in mind that the axis of the inlet along which the axis of the mass of the foetal head will enter the brim is a line joining the umbilicus and coccyx, while the axis of the outlet along which the forceps must enter the pelvis is a line joining the tip of the promontory and the centre of the vulva. shown that the ratio of effective to ineffective force bears a distinct relation to the value of the angle B X F. Thus the effective force is as the cosine of X, while the ineffective force is as the sine of X. Accordingly, so long as the angle at X exists?in other words, so long as the line A B and E F do not coincide?a certain amount of the force expended in traction will be ineffective. This amount will be measured by sine X. Now, the smaller X becomes (or the more E F approaches A B) the further will the value sine X recede from unity, while at the same time the more will cos. X, the measure of the effective force, approach unity. When the lines A B and E F coincide, X of course disappears, and the total force becomes effective. The efficiency of the forceps used as a tractor will thus be measured by the angle X, and will be inversely proportional to sine X, and directly proportional to cos. X. But it is perfectly obvious that with straight forceps E F can never coincide with A B, so that the angle at X always exists.
The first and essential error of the straight forceps then is, that some of the force applied in traction is expended on the tissues of the mother, and not in advancing the child's head.
But now we must consider the relations of the forceps to the foetal head. Let us now consider the advantage to be obtained from the addition of the pelvic curve to the forceps. Here, as in the straight instrument, the line E F (Fig. 4) (Fig. 10 ) will represent the axis of such blades, while P E will represent the axis of the shanks and handle.
2. Let A JB represent the axis of the inlet, which will also indicate the line on which traction must be made with the head at the brim. It follows, then, that the handle of the rods by which traction is made must be on the line A B, outside the pelvis. As the anatomical arrangement of parts renders the adaptation of a straight traction-rod along it impossible, we must adopt a modified shape of rod. Let the said rod spring from the angle P, run close to and parallel with the shanks P E, and then at a suitable distance, say S, curve backward until it crosses the line A B. At this intersection the handle T must be fixed. With such a construction it is certain, so long as the rods P S and P E remain parallel, that traction will be in the line A B, just as if the rod were a straight one from A to B.
This may not appear obvious at first, but a mechanical illustration THE AXIS-TUACTION FORCEPS, will make it clear. Suppose TPS (Fig. 11) is a steel plate fixed by a link at P, and traction is made at T along A B, then the mere cutting out of a section of T S P along the dotted line will make no difference to the direction of the transmission of force from T if the remainder remains rigid. 4. But suppose the junction at P is made by a joint which permits of antero-posterior movements, the case is different. For now, as the advancing head enters the cavity the blades of the forceps will be under the influence of two forces.
a. Supposing the blades are so firmly applied as to be immovable on the head, they will be carried along the curved axis with the head, and the handles will tend to move forwards in the direction of the arrow Y, and thus indicate a change in the line of movement of the head.
b. But this movement of the blades and handles will be modified in amount by their being acted on by another force at the point P in the direction A B, assuming traction is still kept up in this direction. But this will not annul the influence of the first, so that a certain movement of the handles P R away from the rod P S will indicate that a change in the direction of descent has occurred, necessitating a change in the direction of traction. By now bringing the traction-rod PST up to the handle P R until close to it, we are again in a position to apply the tractive force in the direction appropriate to the new position of the head relative to the pelvic curve.
5. But it is obvious that unless the blades grasp the head with considerable firmness, the force in the line A B will greatly tend to annul the directive influence of the head on the handles, tending to displace the lower end of the blade backwards round an axis piercing the tips of the blades,?it will tend, in fact, to displace the blades on the head.
6. But now, let us shift the hinge of the traction-rod to the middle of the blade Q (Fig. 10) , bending the rod along the lower half of the blade. Traction at T will still act along A B, but this traction will have no tendency to interfere in any way with the directive influence of the head upon the blades and handles of the forceps. Accordingly, with the rods hinged at Q, the application handles will act as a most sensitive index of the movements of the head in descending the pelvis, while at the same time indicating the direction of proper traction. This is, of course, a point of vital importance in the theory of the instrument, and it may be well to discuss it a little more fully.
Let F 0 (Fig. 10) represent the foetal head, and M N the curve along which it will travel under the influence of the pelvic curvature during delivery by the forceps. Now let us suppose that the traction-rod T S is attached, 1st, at P. Then as the head descends along M N the traction applied at T along A B will tend to displace the blade P V on the head backwards. For as the pelvic walls will guide the head along M N, the traction at T will tend to keep the blades P V in the line A B. There is thus an inevitable tendency for the traction-rod so placed to cause rotation of the forceps on the head, so that the handles will tend to move in the direction of the arrow at X. In this way, as has been already indicated, the attachment of the rods at P tends to diminish the sensitivity of the instrument as an index of the movements of the head in the pelvis. Now, 2nd, suppose the rods shifted up until attached to the tips of the blades at V. It will be seen that the condition of things is altered, for now traction at T along A B to Y will be followed by a tendency to tilting forward on the part of the blade Y P, and a corresponding movement of the handle B, in the direction of the arrow Y. The influence of the head in carrying the blades and handle forward will be greatly increased, and out of all proportion to the effect of the pelvic curvature.
Obviously, then, the attachment of the rods at either P or V would be a faulty construction,?at the former the sensitivity of the handles as an index would be impaired, while at the latter the whole system would be obviously highly unstable, and there would be a tendency to exaggerate the influence of the pelvic curve.
It follows, then, that there must be a point somewhere between P and V, at which the tendency of the traction-rods to interfere with the directing influence of the movement of the head on the handle of the forceps is nil; and that point must be one half-way between P and V, namely, Q, the point of the blade which lies against the centre of the mass of the foetal head. It will be readily seen that when the traction-rods are hinged at Q, the slightest change in the direction of the movement of the head will make itself evident by the handles of the instrument E tending to move forward away from the traction-rod T S. Now, as to direction of traction, it will be seen from the diagram that the fenestrum involves us in a slight difficulty too. But the defect here is even more insignificant than in relation to directiveness.
It will be seen that the tangent A B passes a little behind the stud of the traction-rod hinge Z, but the distance is so small as to make no appreciable difference in the direction. Were it desirable to obtain perfection in the matter, it could be obtained by broadening the lower part of the blade to take the stud a little further back.1
It will be well now to recapitulate the points to be attended to in the construction of a pair of axis-traction forceps on the Tarnier principle.
1. The forceps must be of the Levret or Smellie type, i.e., with straight handles and shanks, and a well-defined "pelvic curve."
2. The fenestrum should be of such a shape and size as to leave a considerable part of the blade solid at its junction with the shanks.
3. The traction-rods must be united with a joint permitting of free antero-posterior movement only.
4. The upper part of the traction-rods must fit as close as possible behind the shanks and handle so as to save room, and avoid stretching of the tissues at the perineum. which, with typical rickety mechanism, delivery by the axistraction forceps was accomplished without difficulty. In the autumn of last year, while in charge of the out-practice of the Maternity Hospital, I saw another case of still greater interest, and equally successful. I was sent for by the Residents to see a patient in her third labour, whom they had failed to deliver. We could get an imperfect account of the previous labours, but one ot' the children seems to have been born dead with forceps, and the other by embryulcia. When I arrived the woman had been in labour for more than 12 hours. The waters had long escaped, and on examination I found the head in the brim, but not engaged so firmly as to prevent its being pushed up. Both fontanelles could be readily felt. The Residents had attempted to apply forceps, but had failed to get them to lock.
I applied the instruments shown, which had just been finished, taking care to fit the blades over the sinciput and occiput with accuracy. The handles were naturally more apart than usual, but the rods came together and the locking was not difficult. When traction was made, the handles came back to the perinaeum, and this, of course, indicated great backward inclination, as one would expect in a rickety pelvis. Traction was continued with only one hand on the traction-bar, and after a little I found the head was coming through the brim. As it did so the handles went a little further back, so as to press on the perinaeum somewhat, and then the head slipped into the cavity. Very slight traction brought it to the outlet, the passages being dilated and roomy, and without any trouble whatever the head came readily out in the transverse at the outlet, no rotation having occurred in the cavity at all. When the head was examined it presented a typical example of rickety moulding, and showed the flattening and shear in a most characteristic fashion. Unfortunately, owing to a mistake, the measurements were not made at the time. On examining the pelvis post-partum, I found the diagonal conjugate to be only 3 25 inches. Taking ^ an inch off this gives a true conjugate of 2'75 inches. The measurement was done with care, and I have no doubt of its accuracy.
Barnes gives 3 inches as the limit at which turning is practicable; others, however, hold 2-75 will permit a living child to pass by turning. But I am not aware that any one has suggested that the forceps could compete with turning down to these limits. Yet a careful consideration of the whole subject, taking into account the theoretical principle involved and my own experience, leads me to believe that a properly constructed pair of axis-traction forceps will deliver a child in a flat pelvis down to the limits which can be dealt with by turning, and with a much greater chance of delivering it alive.
The objections to the use of forceps in flat pelves have been mainly two. The one based on a fallacy, the other sound enough.
The first, emphasised by Schroeder, may be stated as follows:?
Owing to the configuration of the flat pelvis the blades can only be applied in a transverse or oblique diameter. This, by compressing the skull antero-posteriorly, was supposed to cause bulging in the transverse diameter, and so force the parietal bones more firmly than ever on to the promontory and pubis. That this is a fallacy the experiments recorded in the paper referred to proved, for I there showed that a foetal head can be compressed to the extent of inch without making the slightest increase in the bi-parietal diameter. This I pointed out was explained by the fact that the head "telescoped," the frontal and occipital slipping under the parietals, and accommodation for the contents being found in the vertical elongation of the head. Thus it is plain that the application of the forceps to the extremities of the antero-posterior diameter, while easy in a flat pelvis, is in no way objectionable. Further, it should be borne in mind that any attempt to grip the head obliquely, as has been recommended. is objectionable, because it is obvious that this telescoping action cannot be so perfect under oblique pressure.
But the second objection to the use of forceps in flat pelves refers to the defect in the line of traction, which, with ordinary forceps, is even more pronounced in flat than in normal pelves.
It is obvious, if we consider the inclination of the axis of the brim in a flat pelvis, that the line of traction with ordinary forceps is even further in front of that axis than in the case of a normal pelvis. The angle at X1 (Fig. 16) is greater than the angle at X, hence sine X1, representing the ineffective force (that spent on the pubis) will bear a greater proportion to cos. X1 than sine X does to cos. X. This fact can be graphically represented by the following device: ?Let I., II., III. (Fig. 17) , be respectively vertical mesial sections of normal, rickety, and justo-minor pelves. Draw the perpendiculars A B through the tip of the coccyx, and the perpendiculars C D through the crest of the pubis. Complete the parallelogram by the horizontal lines A C and B D, the former passing through the promontory and the latter through the tip of the coccyx. The parallelograms so constructed give a graphic representation of the cavities of these pelves. They express the proportion between the vertical and horizontal elements. Thus it will be seen that in I. the parallelogram is nearly a square?that is to say, its vertical and horizontal elements are nearly equal. In II. the horizontal element is obviously greater than the vertical, while in III. the vertical preponderates. Now draw the diagonals C B. The angles BCD will measure the relative inclination of the axis of the brim in the three forms of pelves, and consequently indicate the special modification necessary for forceps traction in each case. Accordingly, it will be seen that in II. (the rickety pelvis) this inclination backward is greater than I., while in III. (justo-minor) this inclination is less than I. Now, for a normal pelvis Tarnier estimates that every 30 lbs. of force which tends to depress the head in the proper axis is accompanied by 26 lbs. of force expended on the pubis where traction is made with the ordinary forceps. Accordingly, if we take this estimate as approximately correct, it is obvious that the amount of ineffective as compared with effective force will be greatly increased where we deal with a flat pelvis. In other words, where we attempt to deliver a normal head through a flat pelvis with the ordinary forceps, more of the force applied will be spent in crushing the head on to the pubis than in pulling it along the canal.
With the axis-traction instrument the case is totally different. In these papers M. Tarnier gives an account of the principles of his invention, and a general account of the construction of the new forceps; but without any explicit detail which would insure the proper proportions of the instrument being secured. The instrument described in the first paper had peculiarities of blades and handles which were abandoned later on, and the instrument described in the second paper approaches closely as to curvature to the model of the ordinary Levret instru- Dr Thomas Wood said Dr Murray had presented to the Society and the profession in general the most complete form of axis-traction forceps which had yet been constructed, and for this, as well as the physical principles which he had so clearly laid down regarding the forceps, he was to be congratulated. At the same time, however, he wished to point out that whether they got axis-traction with this instrument or not depended very considerably upon the knowledge and skill of the operator, namely, as to whether he applied the forceps to the foetal head in such a way that the axis of the blades exactly corresponded with the axis of that part of the pelvic canal in which the foetal head was lying. Ideal application of the axistraction forceps he considered was where the foetal head was grasped by the forceps in such a manner that the axis which cut the smallest plane of the head at right angles, the axis of the blades of the forceps, and the axis of the pelvic canal, all coincided. Wherever they had the forceps applied in such a way that the axis of the canal and the axis of the blades were at an angle to each other, or lay in front or behind each other, then they did not get axis-traction at all, at least not until they had altered the position of the head and brought the canal axis and the forceps axis to coincide. Dr Murray had shown that the forceps could be applied to the anterior or posterior portion of the head so as to correct its position?that is to say, when the occiput was delayed or too high up, they grasped the head more towards the occiput, in such a way that the forceps axis would be towards the occipital side of the pelvic axis; thus they brought down the occiput. This,of course, was not axis-traction but leverage ; here there was no harm done, but good. But 
